Anisotropic, gecko-inspired, microstructured adhesives are one of the most promising solutions for many applications in robotics and biomedical applications that require controllable adhesives to grip flat surfaces. In such adhesives, normal adhesion is negligible when loaded solely in the normal direction, but becomes available when the adhesive is loaded in shear first. However, much remains to be learned regarding the friction and failure mechanisms of microstructures loaded in shear. In response, we analysed the load -displacement profiles of wedge-shaped microstructured adhesives comprised of nine different silicone elastomers and their mixtures loaded in shear. The results show that the friction profile depends on at least three factors related to material properties: interfacial adhesion strength in the normal direction (work of separation), elastic modulus and the sample's imperfections (e.g. contamination, misalignment and moulding errors). Moreover, the work of separation influences the maximum friction load such that for materials with the same elastic modulus, the strongest interfacial adhesion yields the lowest friction force. To explain this, we suggest that strongly adhering materials will lead to a macroscopic frictional sliding of the array rather than previously reported stick-slip behaviour.
Introduction
Controllable adhesives (i.e. those capable of turning on and off ) are useful for numerous applications including robotic (grippers, climbing robots, and perching aerial robots [1 -4] ) and biomedical [5, 6] . When triggered, such adhesives should be able to easily switch between strong (on) and weak (off ) adhesion states. Moreover, they must be reusable for thousands to tens of thousands of cycles. Several mechanisms to control adhesion have been suggested, including chemical [7, 8] , light [9] , mechanical [10, 11] , magnetic [12] and thermal [13] . One of the most promising solutions relies on the gecko-inspired anisotropic adhesion of microstructured arrays [14] [15] [16] [17] in which strong normal adhesion becomes available when the adhesive is first loaded in shear and low-to-zero normal adhesion is available when loaded solely in the normal direction.
Despite the demonstrated practical importance of anisotropic adhesives [3,18 -20] , much remains to be understood about their friction and failure mechanisms when loaded in shear, at least compared to the understanding of the mechanisms of real geckos [21 -23] . To address some of these issues, this work investigates the influence of work of separation and elastic modulus on friction and the failure mechanisms of synthetic gecko-like adhesives (SGAs) loaded in shear.
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Background
There have been numerous variations of SGAs throughout the past decade. Their processes include combining photolithography with moulding to generate angled pillars or wedge-shaped structures [17, 24, 25] , ultra-precise machining [26 -28] , direct synthesis [29, 30] and moulding from porous filters to create dense high aspect ratio polypropylene arrays [31] [32] [33] . Among the SGAs cited above, their stiffness varies from 1 MPa ( polydimethylsiloxane (PDMS)-based adhesives) [17, 25] to 1.4 GPa (carbon nanotube and polypropylene fibre arrays) [29, 30] ; their aspect ratio ranges from 2 [25] to more than 60 [32] ; and their density from 1.8 Â 10 3 mm 2 [25] to 4.2 Â 10 5 mm 2 [30] . Perhaps due to the wide variation in properties, the shear load -displacement profiles vary widely among the manufacturing techniques, but can be segmented into three distinct types: drop, stable and oscillating, as shown in figure 1 . A drop in the friction force after a peak was noted when shearing tilted hierarchical polyurethane pillars [24] and mushroom-shaped polyvinylsiloxane arrays [34] . A stable load-displacement profile, equivalent to what is seen in geckos, was observed when shearing moulded [17, 35] and machined [26] PDMS wedges, as well as high-density polypropylene arrays [33] . On rough surfaces or at low pulling speeds, stick-slip oscillation on the macroscopic scale has been reported [36] . Finally, all three of those responses were recorded when PDMS pillars were pulled in shear [37] . These widely varying responses demonstrate the difficulty in understanding exactly what SGA properties correlate with which behaviour.
Another challenge in understanding the friction and failure mechanisms of microstructured arrays loaded in shear is that the contact interface of a single microstructure is rarely observed. Only recently were high-speed videos of mushroom-shaped microstructures reported, showing the relationship between the adhesion strength of a single microstructure and the behaviour of an array [38] . They showed that a detachment of a single microstructure may trigger detachment of neighbouring near-critical structures, leading to avalanche detachment (i.e. a sudden failure) and re-attachment. Such stick-slips were also reported by Das et al. [36] . Earlier studies attempted to observe and analyse the dynamics of microstructure arrays and demonstrated that a stable friction profile in both SGAs and geckos is the result of nano-or microscopic stick-slip events, and the friction force is determined by the number of the microstructures in contact at a time [35] .
Contributions
In response to the shortage of understanding of the friction and failure mechanisms of SGAs, this paper reports on the experimental investigation of 14 wedge-shaped microstructured adhesives comprised of nine different silicone elastomers loaded in shear. The results demonstrate three main points. First, the friction profile depends on at least three factors: interfacial adhesion strength (work of separation), elastic modulus and the imperfections of the sample (contamination, misalignment and moulding errors). Other factors, such as the shape of the microstructure and density of features have an impact, but were not included in this study. Of the three factors, the SGA's elastic modulus has the greatest influence on the maximum friction load. The work of separation, which characterizes the strength of the interfacial interactions in the normal direction, has a secondary effect such that for materials with the same elastic modulus, the strongest work of separation leads to the lowest friction force. Second, while dynamic friction decreases with an increasing pulling rate, the static friction is unaffected. Last, imperfections can greatly affect the occurrence of each friction profile, especially the oscillating load -displacement profile.
Experimental methods

Materials
Nine commercially available elastomers were mixed according to the manufacturers' specifications: Dow Corning were also used to better control material properties. After primary curing in a polystyrene Petri dish or wax mould, samples were removed and, if needed, additionally cured on a glass slide at 1508C for 30 min to ensure full curing and limit ageing effects.
Elastomer bulk property characterization
An RSA-G2 dynamic mechanical analyzer (TA InstrumentsWaters LLC) was used to measure elastomer elastic modulus (E) and loss factor (tand). 100-200 mm thick elastomer films were spun on a polystyrene Petri dish and 10 mm wide, 40 mm long strips were cut for testing. After loading the sample into the clamps, each sample's length was approximately 2 mm. Experiments were performed under tension at a 2% applied oscillatory strain amplitude in the 0.1-10 Hz frequency range. Tests ensured the applied strain was in the linear response regime. The list of measured properties is provided in table 1. 
Synthetic gecko-like adhesive fabrication
Wedge-shaped microstructures were solvent cast into wax moulds provided by NASA Jet Propulsion Laboratory [17] (figure 2). Mixed and degassed elastomers were spin-coated at 1200 or 600 r.p.m. for 40 s. The spin-coating speed for each material was selected to minimize the variance of the microstructured adhesives' backing layer thickness, the influence of which was previously reported [41, 42] . The mean backing layer thickness among elastomers was 165.7 + 64 mm. For the range of thicknesses used here, the backing layer could theoretically contribute up to a 17% difference in friction load. However, we did not observe any correlation between the backing layer thickness and the properties evaluated in this work (maximum friction versus backing thickness R 2 ¼ 0.00, p . 0.05; dynamic friction versus backing thickness R ¼ 0.13, p . 0.05). The elastomer was degassed again in the mould until no bubbles appeared and cured in an oven. After curing, double-sided tape for silicone was attached, and the sample removed from the wax mould. The contribution of the tape to the measurements was assumed to be negligible as the thickness of the viscoelastic layer (20 mm) was an order of magnitude lower than the thickness of the SGA's backing layer (100-200 mm). If needed, adhesives were cured again at 1508C for 30 min before 4 Â 4 mm 2 samples were cut using a paper cutter. Scanning electron microscopy (SEM) images of the wedges are shown in figure 3. Microwedges were 200 mm wide, 46 mm high, 15 mm thick at the base and less than 3 mm thick at the tip. Microwedges were spaced 25 mm apart and contained a 20 mm in-line gap. Wax moulding also leads to the formation of small flaps on the top of each wedge that were not separately characterized.
Characterization of gecko-like adhesive friction
Owing to the potentially detrimental effects of solvents on the microstructure composition and shape, SGAs were not washed before testing. Details are given in the electronic supplementary material.
Shear characterization was performed using a custom-built sample holder and an Instron-4465 tensile tester with a 20 N load cell (figure 4). The sample was attached in the centre of the metal plate with inextensible tape. The metal plate was Figure 2 . SGA fabrication sequence: (a) a mixed elastomer was degassed and spun on a wax mould with a negative wedge-shape pattern; (b) after degassing again, the elastomer was cured in an oven; (c) after curing, the microstructured adhesive was removed using double-sided tape and cured again if necessary. (Online version in colour.)
rsif.royalsocietypublishing.org J. R. Soc. Interface 15: 20180551 preloaded using two glass half-spheres attached on separate pieces of inextensible tape. The metal plate was also coated with a layer of adhesive tape, which prevented the metal plate from being damaged during sample attachment/detachment. Scratches on the solid backing can significantly reduce the friction strength of the adhesives, and the protecting adhesive tape was changed every 5-10 tests. The SGA was placed about 7 mm below the top edge of a glass slide and pulled at 2 mm min 21 until the edge of the substrate was reached. After approximately 2 mm of engagement, the glass substrate was pulled back by hand and the adhesive re-engaged, yielding three sets of measurements. At least 25 samples were tested for each elastomer resulting in at least 150 measurements (three measurements per test times two tests). The directionality of such SGAs was previously characterized [17] . Because of the nearly symmetrical geometry, there is a small difference between the friction forces obtained in one or another direction. Thus, all the samples were only tested in one direction. There was no characteristic change in friction forces among tests, and the differences among samples were always greater than the variance between test numbers. The initial contact area before the test was observed through the glass substrate and monitored during loading. Therefore, we attribute the variance in measured load to minor defects, contamination, or misalignment between the adhesive and substrate. In the following sections, the fifty highest friction load measurements, representing the best (least defects, least contamination and best alignment) samples, were used. The remaining measurements are introduced and discussed in §3.3.
Classification of load -displacement profiles
The maximum friction force, F max , median force after the maximum force is reached, F med , number of local maxima larger than 0.1 N, and most negative value of the derivative (as shown in electronic supplementary material, figure S2 ) were extracted from load-displacement data. Load-displacement data were classified as one of three representative friction types. A load-displacement profile was classified as oscillating if the number of the peaks was larger than three. The friction profile was considered stable if the most negative value of the derivative was lower than 1.5 N mm
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. Finally, measurements with less than three peaks and with a sudden decrease in friction (faster than 1.5 N mm 21 ) were classified as drop. 98.5% of all measurements satisfied these criteria; the remainder were discarded. Figure 5 shows the correlations between the maximum friction force and work of adhesion, work of separation, elastic modulus and loss factor. There is a clear correlation between the pull-off load and elastic modulus. The other three properties did not show any significant association; however, if materials with a low elastic modulus (less than 1 MPa) are excluded, a relationship exists between friction and the work of separation where friction increases until about 300 mJ m
Results
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, after which it decreases.
The influence of material properties on friction was simultaneously analysed using multivariate regression analysis (ordinary least squares) (see electronic supplementary material, table S3). The multivariate regression analysis verified the positive association with the elastic modulus ( p , 0.001). Furthermore, after controlling for the influence of other parameters, there was a significant negative association ( p , 0.05) between friction and work of separation. These two parameters combined were able to explain 80% of the results (R 2 ¼ 0.802).
The negative association between the work of separation and friction is visualized in figure 6 , where the work of separation is indicated as the size and the colour of the marker. Note that a higher work of separation leads to a lower maximum friction force for the same elastic modulus. Furthermore, materials with high and low work of separation suggest different scaling laws, with F max / E for materials with W S . 300 mJ m 22 and a faster than linear increase in force for materials with low W S .
Understanding why a high work of separation is detrimental to an SGA's friction force is one of the objectives of this work. The following sections discuss the load-displacement profiles, pulling rate effects and the influence of defects on the loaddisplacement profiles that provide clues to the final discussion. Figure 7 shows the percentages of each load profile as a function of elastomer type; one friction profile would typically dominate for a particular material. The drop (48.6%) and stable profiles (46.7%) were by far the most common. Less than 5% of the measurements were classified as oscillating. This suggests that variation in load-displacement profiles depends on a material's mechanical and adhesion properties at the very least.
Friction profile types
The map of the friction profiles versus work of separation and elastic modulus is shown in figure 8 . The distribution of the observed friction profiles for each material is represented as a pie chart centred at the material's elastic modulus and work of separation. Regions are drawn to help to better visualize clusters.
Elastomers with an elastic modulus less than 1.5 MPa or a high work of separation typically demonstrate stable friction. Oscillations occur for materials with a low work of separation and an elastic modulus above 1.5 MPa. However, oscillations are rare and only occur when the drop profile is dominant. The drop profile was observed with materials with a relatively higher modulus and a medium work of separation. Combining figures 6 and 8 indicates that the highest friction forces correspond to the drop classifier, and the lowest friction forces correspond to the stable friction profile.
Pulling-rate dependence
The steady-state friction force of gecko setal arrays loaded in shear results from nanoscopic stick-slip events while the maximum friction is determined by the number of elements in contact at a time [35, 43] . The stick-slip model was also used by Gravish et al. to explain the stable load-displacement profile observed when loading microstructured adhesives in shear [35] . They showed that the dynamic friction force depends on the number of microwedges in contact, which in turn depends on the ratio between the pulling rate and microstructure reengagement rate (how fast a microstructure re-attaches after complete detachment) [35] . Therefore, the friction force should decrease with an increasing pull rate, as less microstructures will be engaged at a time. Figure 9 shows that indeed, the dynamic friction of the SGAs made using S170 elastomer (low work of separation) decreases with an increasing pull rate. However, the maximum friction remains relatively unchanged, which leads to larger difference between the peak and dynamic friction.
To better understand the effects of a pulling rate on static and dynamic friction, measurements were performed on six different materials, chosen to represent three ranges of work of separation: less than 200 mJ m 22 (materials that showed dominantly drop friction type: S170 and S184 -S186), 200-400 mJ m 22 (materials with drop or stable types: rsif.royalsocietypublishing.org J. R. Soc. Interface 15: 20180551 S184 and S186) and greater than 400 mJ m 22 (materials that showed dominantly stable friction type: PS40 and PS60). Figure 10a shows that for pulling rates between 1 and 50 mm, the maximum friction load (static friction) is independent of the pulling rate for both drop and stable dominant friction profiles. Only materials with a very low work of separation (162.3 mJ m 22 ) demonstrated a slight decrease in static friction with an increase in pulling rate. However, figure 10b shows the corresponding dynamic friction, which indicates that for materials with a low work of separation, friction decreases with an increasing pulling rate. A lower work of separation leads to a more significant decrease in the dynamic friction as indicated by the slope of the arrows. Conversely, friction of materials with a high work of separation was rate-independent.
We hypothesize that the maximum friction load (F max ) is obtained when all microwedges are in contact with the substrate. On the other hand, the stable dynamic friction force corresponds to a 'stick-slip' behaviour and to another stable number of microstructures in contact at a time. This suggests that strongly adhering materials have a maximum number of microwedges attached at all times, and this number is independent of the pulling rate. Interestingly, despite the estimated higher number of wedges in contact, the maximum pull-off load is lower for materials with a high work of separation. This suggests that stick-slip friction may not be the only mechanism contributing to the dynamic friction of the microarray.
Finally, materials with a very low work of separation should lead to a nearly instantaneous detachment of large areas of microwedges. Indeed, this was observed for S184-S186 composites that had lower than 150 mJ m 22 work of separation. Such instantaneous detachment manifested as an oscillating frictional adhesion profile. Conditions for the oscillating friction profile are discussed more thoroughly in the next section.
Defects
During experiments, obtaining the maximum contact area was visually confirmed to ensure a gross level of uniformity among samples. Therefore, we attribute the variance in measured load to minor defects, contamination, or misalignment between the adhesive and substrate. In the results presented so far, only the fifty highest friction load measurements were evaluated, representing the best (least defects, least contamination and best alignment) samples. Increasing the number of the samples evaluated, therefore, increases the number of imperfections, the implications of which are investigated in this section. Since oscillations is the least frequent friction type and was only observed occasionally for materials that otherwise show the drop profile, an additional condition beyond work of separation is needed to observe the oscillation type. The fraction of oscillating samples calculated using 50, 100 and 150 of the samples with the highest friction is shown in figure 11 . Only data from materials that showed oscillations (figure 7)-S184, S186, and their composites-are presented. Other materials did not show oscillations even with an increasing number of defects. As shown in figure 11 , even though the probability of oscillations increases with an increasing elastic modulus, low work of separation (grey line) is crucial for oscillations to occur. S184 alone has a highest modulus among materials tested, but oscillations rarely occur. At the same time, the probability of oscillation is lower for softer materials. Knowing that increasing the number of the 'best' tests increases the probability of the oscillations, it can be concluded that probability of oscillations increases with an increasing number of defects. Our results are in agreement with those published by Das et al. who showed that if the interfacial interactions are weak (in their case achieved by increasing substrate roughness), a single detaching microstructure could trigger the detachment of adjacent microstructures with near critical load [36] . This would lead to 'avalanche' failure-instantaneous detachment of large areas of an array. In our work, probably due to the normal preload during the test, after the nearly complete detachment, the array re-engages, leading to the observed oscillations. Since low interfacial adhesion is a requirement for such a phenomenon, small defects or contamination will further increase the rate of detachment and thus the probability of oscillations.
We explain the results presented so far in the next section, where we introduce the frictional sliding model.
Discussion
Before further discussion of the behaviour of microstructured adhesives loaded in shear, a short overview of elastomer detachment mechanisms is presented.
Elastomer detachment models
Two models are interchangeably used to represent the detachment of elastomers from a solid surface: Kendall's peeling model [48] and Crosby's catastrophic detachment model [42, 49] . Both consider an elastic film pulled in shear. Kendall's peeling model assumes that the stress is concentrated at the crack of an elastic strip, thus the peeling force is independent of contact area but proportional to contact width [48] . By contrast, Crosby's model assumes a homogeneous load distribution over the elastomer's area and is thus dependent on the contact area; a tape will instantly detach once the critical load is reached [42, 49] . However, in the case of soft elastomer strips covered with a stiff backing, the stress decays exponentially from the contact edge along the length of the elastomer [44, 50, 51] . The length of such 'shear lag zone' depends on the elastic modulus and the thickness of both elastic film and backing as
, where E b and h b are the elastic modulus and the thickness of the backing layer, respectively, and G and h are the shear modulus and thickness of the elastomer (figure 12) [51] . Therefore, the models' applicability depends on the relationship between the length of shear lag zone and the contact length [44, 45] .
Furthermore, in the discussion we suggest that, in addition to the peeling and catastrophic detachment, an SGA may slide without detaching. We also propose that the failure mode 
Frictional sliding
Currently, there is little doubt regarding the role of frictional energy dissipation during sliding of geckos [43, 52] and other climbing animals [53] . The frictional sliding of elastomers pulled in shear is also supported by an increasing number of experimental studies [44, 50, [53] [54] [55] , and the phenomenon was recently observed in shearing of microstructured adhesives [38] . Frictional sliding is one consequence of the shear lag zone and refers to elastomer elongation while it is still in contact; this causes frictional energy dissipation. When the critical stress is reached at the boundary of the contact, local sliding is initiated, while the inner parts of the contact remain stuck (figure 12a). Increasing shear loading increases the length of the sliding zone and shrinks the length of the 'sticking area' until the sticking region vanishes and the friction force assumes its maximum value. The elastomer should detach instantly once the frictional sliding zone reaches the end of the elastomer [44] . However, Popov and Dimaki showed that when elastomers are loaded in shear in the presence of adhesive interactions, macroscopic sliding without detaching may occur [47] .
Assuming that pulling elastomer adhesives in shear leads to the competition between detachment (hereon cracking) and sliding, a simple criterion can be used to predict the critical load (figure 12b) [46] . The crack will propagate along the contact length as soon as the normal force (F n ) exceeds the critical interfacial adhesion force. However, if the friction force (F t ) will lead to a vanishing of the stick zone beforehand, macroscopic sliding will occur. Thus, when pulled at low (i.e. near shear) angles, the energy will be dissipated in frictional sliding and the crack will not propagate through the interface. An analytical model developed by Begley et al. suggests that the frictional sliding zone length depends on the elastomer interfacial adhesion strength (here work of separation) and increases with an increase in the work of separation [56] . In other words, in pure shear, strong adhesives slide rather than peel, while for small interfacial adhesion energies, normal separation will occur prior to significant sliding [56] .
Consider the shape of the engaged wedge pulled in pure shear as shown in figures 3 and 12b. The contact length (L a ) of a single microstructure is of the order of 20 mm, and because of its shape, the stress will decay along its length (see electronic supplementary material, figures S8 and S9). If the frictional sliding zone reaches the tip of the microwedge before the normal force component (F n ) exceeds the interfacial adhesion force, the microwedge will not detach but slide. On the other hand, if the interfacial adhesion strength is low (low work of separation) the frictional sliding zone will be short and the normal force needed to propagate the crack will be low, leading to complete detachment.
Friction profile types
Considering the discussion so far, we can explain observed friction types as follows. Once the maximum contact area is reached during wedge engagement, the contact front will be subjected to a force that will result in a decaying stress along the contact length (shear lag zone). Once a threshold tangential force is reached, the contact front will start sliding on the substrate without detaching forming a frictional sliding zone and its length will depend on the interfacial adhesion [44, 50, [53] [54] [55] . If the frictional sliding zone does not extend to the end of the contact length, the front of the microwedge will slide without wedge relaxation. Consequently, the interface will support higher loads and the measured maximum friction force will be higher than predicted considering Kendall's peeling model (discussed further in electronic supplementary material, Section 6) [44, 56] . However, when the normal stress reaches the maximum value that the interface can support, the adhesive strip will completely detach as suggested by Crosby's catastrophic detachment model [42] . This is observed as a 'drop' in friction profiles ( figure 13 ). Moreover, frictional energy dissipation will also prevent a catastrophic detachment of large areas of an array leading to the steady state detachment and re-attachment of the wedges as discussed in §3.2.
However, if the interfacial adhesion is low (in our case, below 150 mJ m 22 ), separation will occur before frictional Figure 12. (a) Schematic illustration of the shear lag zone when a soft elastic strip coated with a stiff but extensible backing is pulled in shear. In this case, depending on the length of shear-lag zone and the total contact length, both Kendall's and Crosby's models may apply as summarized by Ponce et al. [44, 45] . (b) Competition between sticking, sliding and cracking when an elastomer is pulled at an angle. In this case, depending on normal adhesion force and tangential load, detaching or macroscopic sliding will occur first as suggested by Popov [46, 47] . sliding. This is the case most similar to Crosby's catastrophic detachment scenario. The energy released to the bulk during the detachment of the loaded microwedge may then be sufficient to trigger detachment of adjacent microstructures, which leads to the oscillating adhesion profile.
Finally, a strong interfacial adhesion energy will cause a large frictional sliding zone [56] and will require a large normal force to initiate cracking as depicted in figure 14 . A given value of the work of separation (in our case 300 mJ m 22 ) will then lead to the frictional sliding zone that extends the entirety of the contact length, and the microwedge will not detach. In this case, the maximum load will be limited by friction force and not interfacial adhesion force and will result in a smooth friction profile. Because the array of microwedges remain in contact at all times and does not transition to steady state detachment and re-attachment, the dynamic friction force of an array remains rate-independent as was observed earlier.
At this point, we can answer why a high work of separation is detrimental to the pull-off load of microstructured adhesives loaded in shear-microstructures made of materials with high interfacial adhesion will slide rather than stick, and the frictional sliding force is always lower than the sticking force.
Implications to design of microstructured adhesives
In this work, we have used low density, silicone elastomer microwedges loaded in shear on smooth substrates and investigated the effects of the material properties to the maximum friction load. We showed that in these conditions, materials with higher elastic modulus and average (150-300 mJ m
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) interfacial adhesion energies perform the best. However, since the upper bound of the work of separation is determined by the initiation of macroscopic sliding, the choice of material will be dependent on the geometry of the microstructures, particularly the maximum contact length. Furthermore, in our case the normal force acting against the adhesion was always very low and was further reduced by an applied normal preload. In the case of applications where SGAs are pulled at an angle and the normal force component is larger, higher interfacial surface energies will be needed to cause macroscopic sliding (i.e. prevent prior cracking). The same applies to stiffer or lower aspect ratio microstructures in which bending stiffness will lead to a normal force acting against the adhesion and in the case of SGAs applied to rough surfaces. More advanced modelling is required to set an upper limit to interfacial adhesion strength in order to prevent macroscopic sliding, and is the subject of our future research.
Another important issue not addressed in this work is the influence of the material properties on the lifetime of SGAs. It was previously shown that SGAs made from elastomer with low surface energy can be used for tens of thousands of cycles [17] . However, as wear and friction are related, materials with higher friction (higher work of separation) are expected to wear faster [47] . We have observed that, indeed, there is a significant transfer of polymer chains to the substrate during the cycling of strongly adhering materials, while the friction of less adhering materials is more stable (see the electronic supplementary material). Given the geometry and the loading conditions presented in this work, these observations only reaffirm the choice of materials with an average work of separation as the best. However, if materials with higher work of separation were needed as discussed above, wear may be more of a limiting factor to choice of material.
Conclusion
In this work, we analysed the performance of wedge-shaped microstructured surfaces loaded in shear. We identified conditions leading to the three common load-displacement profiles: stable, drop and oscillating. We demonstrated that microstructured adhesives made using materials with high interfacial adhesion (work of separation) are more likely to show 'stable' friction, while materials with low work of separation will lead to instantaneous detachments of the large areas of the array (oscillating). We have also shown that materials with high interfacial adhesion lead to the lower maximum friction force for the same elastic modulus and, furthermore, the friction of such microstructured materials is independent of the pulling rate. To explain these observations, we discussed the importance of the frictional sliding model to the microstructured surfaces. The frictional sliding model, in agreement with our experimental results, suggests that microstructured adhesives may fail because of the initiation of frictional sliding of the array.
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